introdUction
Private car and motorcycle ownership in Japan have been steadily increasing from the 1970s (Fig.1) 1 . According to Figure 1 , car and motorcycle ownership in Japan in 2006 is more than 75 million and 3.3 million respectively.
The total population of Japan in 2006 was 127 million 2 . On average, the car ownership ratio is 59%, and the motorcycle ownership ratio is 2.6%, indicating that cars are particularly widespread. Meanwhile, driving license holders have grown from 28 to 79 million over the period of 1971-2006 3 .
The greater demand for cars had a great impact on car usage behaviors of individuals and car ownership be- The analysis is based on data collected in the Nagoya metropolitan area (hereinafter sometimes abbreviated to "NGO"), which is the third largest metropolitan area in Japan. Greater explanation on the metropolitan area is given in section 4. Three issues motivating this research are explained in the following paragraphs.
First, the relationships between 'the accessibility related to public transportation, cars, and motorcycles' and 'cars and motorcycles ownership' are analyzed. When a household owns cars or motorcycles, the accessibility related to public transportation is important, and sometimes the household decides not to own cars or motorcycles in case that accessibility is better. In addition to the accessibility related to public transportation, the accessibility related to cars and motorcycles can also be one of the factors in decision making. That is, the relative importance between the accessibility related to public transportation and the accessibility related to car and motorcycle accessibility can be one of factors in decision making. In order to control vehicle ownership, accessibility is one of the key determinants, and analyzing the relationships between the accessibility and vehicle ownership levels can be useful to find a better transportation policy. The authors' hypothesis is that accessibility measures have some effects on car and motorcycle ownership (Hypothesis 1).
Second, the relationships between car and motorcycle ownership are analyzed. Both cars and motorcycles are private transportation modes, but their characteristics are different. Cars are relatively expensive, while motorcycles are relatively inexpensive. Cars provide closed private space, while motorcycles do not. Cars are suitable for longer trips, while motorcycles are suitable for shorter trips. That is, both have relative advantages and disadvantages. Understanding the relationships between car and motorcycle ownership (complementary or substitutability relationship) can bring insights into useful policy measures. The authors' hypothesis is that there is some relationship between car and motorcycle ownership (Hypothesis 2).
Third, household car and motorcycle ownership behaviors are analyzed inter-temporally. The models are developed using data collected in 1981, 1991, and 2001, implying that long-term dynamics of car and motorcycle ownership are identified. As the economy grows and as the population characteristics change, car and motorcycle ownership behaviors can be changed. Inter-temporal analysis brings insights into the household behavioral change, and temporal transferability analysis brings insights into the model predictability. The authors' hypothesis is that car and motorcycle ownership changes over time (Hypothesis 3).
Finally, analyzing the three points above simultaneously brings additional insights. The relationships between the accessibility and car and motorcycle ownership (the first point) and the relationships between car and motorcycle ownership (the second point) can change over time. Understanding the long-term dynamics in developed countries will bring insights for predicting future ownership behaviors where vehicle ownership is now growing. (The public transportation service in Japan in urban areas is very high, but the service in developing countries is now growing. Land use policy in Japan is not suitable for a compact city, and suburbanization often happens.) When analyzing cities where motorcycles are very popular, such as in Asian developing countries, the long-term dynamics of relationships between car and motorcycle ownership behaviors are useful. In Asian developing countries, the motorcycle is treated as a main mode as well as an intermediate mode before switching to car ownership. In Japan, a motorcycle might be considered as a complementary mode. Applying the findings of this study to developing countries can be a challenging task.
The following is the paper structure. Section 2 explains existing studies and clarifies the need for the study. Section 3 describes the modeling framework, accessibility measures, and car and motorcycle ownership model (bivariate ordered probit model). Section 4 depicts the data used in the study. In section 5, estimates are presented and model transferability is evaluated. In section 6, concluding remarks are presented.
preVioUs stUdies on VeHicLe ownersHip and tHe need For tHe stUdy
Even though a number of investigations on vehicle [10] [11] [12] [13] [14] . In the vehicle ownership models, the number of cars or motorcycles owned by a household is generally used as the dependent variable, and the explanatory variables may include all other household related information, for example, number of household members, household income, availability of transit, number of workers in the household, and information about household members including gender, age, and occupation. The disaggregate vehicle ownership models developed in the past can be divided into two main categories: 1) Non-ordered discrete choice model like multinomial logit model considering number of vehicles owned as discrete values 11 ; and 2) Ordered response model assumes a latent propensity measure to determine the level of vehicle ownership 11, 12, 14 . Non-ordered discrete choice models are more flexible than ordered response models in the error structure among alternatives in the choice set. Bhat and Pulugurta 11 compared multinomial logit model and ordered response logit model, and suggest that the non-ordered discrete choice model outperforms the ordered response model from the viewpoint of goodness-of-fit with their dataset. However, the non-ordered discrete choice models cannot properly account for the ordinal nature of the number of vehicles owned. That is the reason why many researchers have applied the ordered response model for investigating household vehicle ownership. The count model is also capable of considering the ordinal nature, but the application of the count model in the field of vehicle ownership is rare. One of the exceptions is work by Zhao and Kockelman 15 , who applied a multivariate negative binomial model of the number of vehicles by type. They obtained reasonable estimation results with their dataset, showing the applicability of the model structure. The comparison between the ordered response model and the count model remains a further research task.
The first aim of this study was to analyze the relationships between accessibility and car and motorcycle ownership. The impact of accessibility on car and motorcycle ownership is believed to be high; many models include accessibility as one of the explanatory variables. For example, Chu 12 considered an accessibility index using travel times between origins and destinations by each mode which are weighted by the number of workers in destination zones. The relative importance of these accessibility measures is introduced as explanatory variables. However, there are only a few attempts to quantify accessibility measures taking into account individual travel behavior in the framework of the disaggregate model. In our study, accessibility measures are calculated based on expected maximum utility of mode choice models and are adopted as explanatory variables of car and motorcycle ownership models. The accessibility calculated in this study does not pose any endogeneity problem. When we calculate the mode choice model, no information of vehicle ownership is used. This is the great advantage of this paper from a theoretical viewpoint.
The second aim of this study was to analyze the relationships between car and motorcycle ownership. Most of the previous investigations on vehicle ownership have paid attention only to car ownership 11, 12, 14 . The disaggregate models that analyze both car and motorcycle ownership in households are often technologically advanced as to take account of interdependencies between them even though such attempts are rare in the travel behavior context due to modeling complexities. It can be reasonable to assume that there are some relationships between car and motorcycle ownership because both are personal mobility tools. Accordingly, the authors expect that joint modeling can bring further insights. One of the limited examples analyzing car and motorcycle ownership simultaneously is Lee and Shiaw 16 where diffusion modeling techniques were adopted. Another example is Senbil et al. 17 , who applied the bivariate ordered probit (BOP) model to car and motorcycle ownership modeling for Jabotabek (Indonesia), Kuala Lumpur (Malaysia), and Manila (Philippines) metropolitan areas. An earlier work using the BOP model can be found in Scott and Axhausen 18 , where the BOP model was applied to analyze the relationship between season tickets and cars, season tickets and small cars, and season tickets and large cars. The BOP model has been found to be an appropriate modeling technique for this paper over the commonly used multinomial logit (MNL) model with independence of irrelevant alternatives (IIA) restrictions. Our study develops bivariate ordered probit models taking into account the interdependencies between car and motorcycle ownership.
The third aim of this study was to analyze long-term dynamics of household car and motorcycle ownership behaviors. Pendyala et al. 14 modeled the vehicle ownership as an ordered response probit model at six time points to observe the income elasticity of car ownership over time. According to their investigation, the relationship be-tween car ownership and income is changing over time, and the changes varied by the type of household structure. However, the data used in Pendyala et al. 14 were collected over only a six year period, and studies analyzing 20 years are rare. Our study analyzes the long-term dynamics of ownership behaviors over 20 years. Our study also analyzes the long-term temporal transferability of the models estimated.
modeLing FrameworK

Overview
In order to achieve the objectives, the analysis was conducted in four steps as follows:
1 Estimate mode choice models to analyze the travel demand (MNL models, on a trip basis); 2 Calculate accessibility measures based on expected maximum utility of mode choice models estimated in step 1; 3 Estimate car and motorcycle ownership models including accessibility measures calculated in step 2 as explanatory variables (BOP models, on a household basis); and 4 Repeat step 1 through 3 for each time point, compare results inter-temporally, and investigate temporal transferability.
In the following subsections, theoretical backgrounds that relate to the calculation of accessibility measures and BOP modeling are explained.
Accessibility
Accessibility measures (log-sum term) are calculated based on the utility functions of mode choice models (MNL model estimated step 1 shown in subsection 3.1). The maximum utility, log-sum term, can be used as accessibility measures 10 . Readers note that log-sum values represent not the sum of the utility of each mode but the expected highest utility of each mode. According to existing studies, accessibility measures are based on both of 1) an attractiveness of the location, and 2) a resistance factor of traveling. Sánchez-Silva et al 19 mention that many researchers define accessibility measures based on these two factors. Chu 12 
b) additional accessibility of car and motorcycle availability: b1) additional accessibility of car availability ( ) ( 
where:
(3c)
where, V Rzn , V Bzn , V Czn , and V MCzn denote the systematic component of the utility functions when individual n travels from zone z n to zone z by rail, bus, car, and motorcycle, respectively. Q Rz , Q Bz , Q Cz , and Q MCz denote traffic volume between zone z n and z by rail, bus, car, and motorcycle, respectively. (Only destination zones are mentioned in the suffix of V, w, and Q. The origin zones are always the residing zone of individual n, that is, z n , and are removed for simplicity.) The accessibility measures considered here are defined in Eqs. (1) and (2) and are called weighted accessibility. The ratio of trip records are used as an indicator of the attractiveness, assuming that a more attractive area has more trip records. If the attractiveness in the entire study area is considered, the number of trip generations and attractions to and from the entire study area should be considered. However, in Eqs. (1) and (2) the number of trip records to and from a residing zone is considered, since the survey area of the case study city is very large (see section 4). One of the disadvantages of this accessibility indicator is that, when the trip records are concentrated in the area close to the residing zone, the area which is very attractive but not traveled to and from the residing zone is not included in the calculation. More theoretically, mode and destination choice models can be estimated to calculate weights, but for simplicity travel record data are used in this study.
On the other hand, cases where the weights w RBz , w RBCz , and w RBMCz are set to unity are also considered. (Accessibility measures are denoted as AT n , AAC n , and AAMC n , respectively, removing the initial letter W in Eqs. (1) and (2). These are called non-weighted accessibility measures in contrast with weighted accessibility measures.) In the non-weighted accessibility, accessibility to any destination in the study area is equally evaluated. Therefore this accessibility is a potential accessibility where the zones in the entire study area have the same attractiveness. However, one of the disadvantages of this accessibility is that, even zones which are not included in the choice set due to long distance from the residing zone or have low attractiveness have an equal weight. (However, in this study, all zones are in the metropolitan area, and we consider that there might be a chance that all zones are in the choice set.)
Weighted and non-weighted accessibility have different characteristics. However, in both cases accessibility by transit accounts for a convenience of transit at the residing zone. The other two additional accessibilities indicate the travel convenience if the individual can use these alternatives in addition to transit which is usually available to all citizens. The lower accessibility by transit and the higher additional accessibility will lead to higher intensity of vehicle ownership.
Bivariate ordered probit (BOP) model
In the presentation of the model structure in this subsection, for each household (h = 1, 2, …, H), let j represent the number of cars owned ( j = 0, 1, …, J), and let k represent the number of motorcycles owned (k = 0, 1, …, K). The equation system can be written here as:
where y * 1h and y * 2h denote the propensity for household h to own cars and motorcycles respectively. y 1h and y 2h denote the observed number of cars and motorcycles owned by household h respectively. The x 1h and x 2h are vectors of exogenous variables. The b 1 and b 2 are corresponding vectors of parameters that are estimated with the threshold values (i.e. the m 1 and m 2 ). The random error terms ε 1h and ε 2h are assumed to be distributed identically and independently across households in accordance with the standard normal distribution.
The interactions between the number of cars owned and the number of motorcycles owned by a household can be incorporated into Eq. (4). In the BOP modeling approach, interactions can be divided into observed and unobserved ones. An observed interaction (hereinafter called interaction) is a direct relationship between car and motorcycle ownership. In this study, specifically, the numbers of cars owned and motorcycles owned are tried to be included in the functions of motorcycle ownership and car ownership respectively. On the other hand, unobserved interaction (hereinafter called correlation) can be found in the error correlation between car and motorcycle ownership propensity functions. That is, unobserved factors that influence car ownership can be correlated with those that influence motorcycle ownership. A standard normal bivariate distribution function is specified such that:
Likewise, the corresponding cumulative density function is given as:
r represents the correlation between the random error terms. From Eqs. (4) and (6), the joint probability that the household h will own j cars and k motorcycles is:
The parameters to be estimated are the J + K -2 threshold values (m 1,0 , m 2,0 = -∞; m 1,1 , m 2,1 = 0; m 1, J+1 , m 2, K+1 = +∞), the b 1 , b 2 , and r. The parameters are obtained by maximizing the log-likelihood function:
if the household h owns j cars and k motorcycles; 0: otherwise. As mentioned above, one of the advantages of the BOP model is its ability to consider interaction and correlation.
case stUdy city
The case study city selected is the Nagoya metro-politan area, which is the third largest metropolitan area in Japan. The core of the metropolitan area is Nagoya city, and some satellite cities are located around Nagoya. Nowadays, Nagoya metropolitan area has a 40 km radius. Although the area is very urbanized, the characteristics related to transportation are very unique. Figure 3 shows the transition of line-haul modal split from 1971 to 2001 in the Nagoya metropolitan area 20 . The rail share was found to be stable during the period of 1971-2001. It is understood that the bus share has been decreasing with time. There was a significant increase in the car share from 1971 to 2001. While the motorcycle and bicycle share have remained stable, the walking share has been decreasing during that period. When limiting to shares of motorized modes, the car shares are increasing much more, and the rail and bus shares are shrinking much more. (Rail, bus, car, and motorcycle are considered as motorized modes, but motorcycle and bicycle cannot be separated in these statistics.) Suburbanization in the Nagoya metropolitan area can cause significant rise in car usage. In addition, compared to other metropolitan areas in Japan, car use in the Nagoya metropolitan area is significant. In the Tokyo metropolitan area, the largest metropolitan area in Japan, the car share was 33.1% in 1998; and in the Osaka metropolitan area, the second largest metropolitan area, car share was 31.7% in 2000 20 . Meanwhile, the Nagoya city government has invested a lot of money and has increased the service level of the public transportation. Operating kilometers of the Nagoya city subway line in 2005 was more than three times compared to that in 1970; and operating kilometers of the Nagoya city bus service in 2005 was almost 1.5 times compared to that in 1970 (Fig.4) 21, 22 . In addition to the Nagoya city government, JR (Japan Railways) and some private companies, for example, Meitetsu and Kintetsu, operate railway services. There also exists some bus companies which operate buses in the metropolitan area. There is a considerable gap between the public transportation investment and the public transportation usage, suggesting that motorization is overwhelming ( Fig.3 and Fig.4) .
The data used in this study is a household travel survey conducted in 1971, 1981, 1991, and 2001 . A brief description of the survey is shown in Table 1 23 . Due to the urban area expansion and the policy of the survey designers at that time, the survey area is changed. In this study, the analysis is limited to the 1971 survey area, which has been included in all four survey time points. Since motorcycles and bicycles were in the same category in 1971, the analysis of 1971 was omitted in the car and motorcycle ownership models. However, the mode choice models are estimated for all four time points for comparison purposes. The dataset consists of information on household vehicle ownership, information on household members, all trip records of household members made on the date of the survey. Descriptive statistics of the explanatory variables used in the mode choice models and BOP models are shown in Table 2 and Table 3 respectively. Figure 5 . The number of households owning more than one car is increasing over time, eg., households 
empiricaL Findings
Mode choice models
Estimation results of mode choice models are presented in Table 4 . In NGO71-01 models, 15,000 samples are drawn randomly to save computation time. The choice set includes rail, bus, car, and motorcycle, and line-haul modes obtained from the survey are modeled. (Motorcycle is not included in NGO71 model.) In order to make the comparison easier, the models were basically estimated with the same set of explanatory variables. Cost variable was not included, since this information was not available at some time points. (Cost is zero for some trips such as commuting, business purposes since it is compensated by companies. Accordingly, the authors assumed that omitting the cost variable is not critical in the analysis.) Driver's license information is not included because some papers do not include the driver's license ownership, since driver's license ownership and vehicle ownership are so closely related, and regarded as endogenous to some extent.
A visual comparison of the models suggests that their respective parameter estimates show very little difference. All respective parameter estimates of level of service and socio-economic variables have the same signs across four models. Travel time has a significant negative effect on all mode usages as expected. In NGO71-01 models, an increasing trend in the magnitudes of travel time estimates indicates a growing importance attached to the travel time. Estimates of constant terms suggest that people hesitate to travel by motorcycle in NGO81-01. An increasing trend of the car constant in NGO suggests the progress of motorization.
Three socio-economic variables were found to have significant effects on car and motorcycle usage. Adult (i. e. 20 -years old) and male dummies have significant and positive effects. Legal age for driving cars is 18 years, and the legal age for driving motorcycles is 16 or 18 years (different for the size of motorcycle); however, adult (i.e. 20 -years old) dummy is used, since the age information is given as categorical data in 2001. This legal system and higher income of adults promote car and motorcycle usage. The attractiveness of cars and motorcycles for males and their higher income levels can explain the presence of the male dummy. The magnitudes of these two estimates are decreasing, suggesting that gender and age differences have become less important. A city dummy has a negative effect on car usage, suggesting that people hesitate to drive in very crowded cities. A growth of motorization and an investment in public transportation network can explain an increasing trend of the magnitude of the city dummy estimate. Also, in central areas accessibility by transit might increase, and this might induce an inclination toward transit.
The other three socio-economic variables were found to have significant effects on public transportation usages. For example, the female dummy has a negative effect on rail usage, suggesting that females are less likely to travel by rail. (This does not mean that females are reluctant to travel by rail. Men are more likely to travel by rail probably for commuting.) Taking into account the positive coefficient estimate of the male dummy for the car and motorcycle, the result suggests that the female has a higher probability of choosing a bus than the male. The smaller magnitude of the estimate in NGO01 can suggest a decreasing trend of the gender difference. Moreover, the student dummy has a significant positive impact on rail usage. The densely constructed railway network in NGO attracts students for rail usage. The investment in the railway network can also explain an increasing trend of the magnitude of the estimate. In addition, the age dummy (i.e. 65 -years old) has a significant positive impact on bus usage. Shorter access and egress times to and from bus stops and free bus tickets, which have been offered to NGO city residents aged 65 years and over by the Nagoya city government since 1973, explain the strong relationship between elderly travel and bus use. The smaller magnitude of the estimate in NGO01 may suggest a decreasing trend of the age difference.
Next, accessibility measures are discussed based on the model estimation results. The model specification in Table 4 suggests that only travel time and the city dummy have an effect on accessibility measures defined in subsection 3.2 when individual socio-economic characteristics are the same. That is to say, regional differences of accessibility measures are heavily dependent on the differences of these two variables. The magnitudes of these two parameter estimates are increasing, suggesting that accessibility measures are becoming sensitive to the differences and changes of these two variables. If travel time is not changed, regional accessibility differences are increasing. When weighted accessibility measures are considered, differences of weights are also found to make an impact.
Bivariate ordered probit models
In total 12 BOP models are estimated considering type of accessibility measure (4 types) and also a type of correlation and/or an interaction estimation (3 types) ( Table 5 ). Here as an example, the estimation result using weighted additional accessibility of car and motorcycle availability and estimating correlation but not interaction models is shown in Table 6 (D2 in Table 5 ). (As will be found in the later part of this subsection, this is the best model for comparison purpose.) In order to make a comparison easier, models are estimated with the same set of explanatory variables and some of the variables not estimated significantly are retained. 1,000 samples were drawn randomly to save computation time. Four categories are set for car ownership, that is, 0, 1, 2, and 3+ cars, and three categories for motorcycle ownership, that is, 0, 1, and 2+ motorcycles based on the information obtained from the databases. NGO71 data was excluded since the number of motorcycles owned was not included in the database.
The choice of explanatory variables was guided by the findings from the existing research and intuitive arguments; that is, explanatory variables include a) accessibility measures (subsection 3.2), b) number of workers in the household, and c) number of household members based on gender and age information. For the car ownership number of males and females aged between 20 and 65 years and those aged less than 20 or over 65 are employed, considering legal age for driving and the lifestyle. For the motorcycle ownership number of males and females aged between 20 and 29 years and those aged less than 20 or over 29 are adopted, considering attractiveness of motorcycles for younger people. (Since the age information is given in categorical data in 2001, ranges of age do not match with the legal age for driving.) The results obtained based on these variable selection provides the best model out of ones estimated. The income variable is not included in the database due to the lack of the information. Driver's license information is not included for the same reason described in mode choice models.
At first, the estimation result of car ownership function was examined. Weighted additional accessibility of car availability was positively and significantly estimated as expected. Most of the socio-economic characteristics are estimated positively and significantly. Ratio of 'Male 20 -65' to 'Female 20 -65' and that of 'Male -19, 66 -' to 'Female -19, 66 -' suggest that 'Male 20 -65' is overwhelming in NGO81 but that the difference has been less important in NGO91 and NGO01. The ratio of 'Male 20 -65' to 'Male -19, 66 -' and that of 'Female 20 -65' to 'Female -19, 66 -' also suggest the decreasing trend of the age difference. The finding suggests that the age and gender differences are becoming less important as motorization proceeds.
Next, the estimation result of motorcycle ownership function was examined. Weighted additional accessibility of motorcycle availability was estimated positively (sometimes significantly and sometimes insignificantly). Accessibility in motorcycle ownership function is estimated less significantly than that in car ownership function. This suggests that the motorcycle ownership is less affected by the accessibility than car ownership. Or the area considered in this study is too large to capture the accessibility of the motorcycle; that is, accessibility used in this study is not appropriate to capture motorcycle ownership from some geographical reason. Socio-economic characteristics are estimated positively and significantly, or sometimes insignificantly. The worker variable is more significantly estimated in car ownership function. This suggests that workers with a high income lead to car ownership A positively estimated correlation suggests the existence of common factors related both to car and motorcycle ownership such as a propensity to own both cars and motorcycles (cars and motorcycles increase together or decrease together, which is counter-intuitive from Figure 5) , and/or the common transportation environmental factors that are not completely captured by the accessibility measures, and/or desire for personal convenience, and personal mobility by both transportation modes.
Next, models using all four accessibility measures presented in Table 7 are compared. All models have the same explanatory variables as shown in Table 6 except for accessibility measures, but only estimates of accessibility and correlation are given in the table.
Comparing non-weighted and weighted accessibility models, adjusted goodness-of-fit values indicate that no clear findings are obtained. Comparing accessibility by transit and additional accessibility of car and motorcycle availability models, adjusted goodness-of-fit values indicate that additional accessibility models capture vehicle ownership behavior more efficiently with weighted accessibility measures but accessibility by transit models trap vehicle ownership more effectively with non-weighted accessibility measures. (Comparing the adjusted goodness-of-fit of models (c) with that of models (d), models (d) are better. Comparing the adjusted goodness-of-fit of models (a) with that of models (b), models (a) are better.)
Compared with models estimating neither correlation nor interaction, likelihood ratio test (L1 in the table) indicates that these two kinds of models are not always significantly different. Compared with models with both correlation and interaction, the likelihood ratio test (L2 in the table) indicates that inclusion of an interaction term does not lead to model improvement. Here the number of motorcycles owned is included in the function of car ownership, since this has given a better result than including number of cars owned in the motorcycle ownership function. This suggests that the number of motorcycles does not directly affect car ownership.
To sum up, there is no direct relationship (interaction) between car and motorcycle ownership. This is an interesting finding in Nagoya since households do not consider the number of cars when the household intends to own a motorcycle, and since households do not consider the number of motorcycles when the household intends to own cars. This can be caused by the much cheaper price of motorcycles in Japan compared to cars. People do not consider the number of motorcycles when they intend to own cars since motorcycles are so cheap. People do not consider the number of cars when they intend to own motorcycles since motorcycles are so cheap. Another interpretation is that the car is so prevalent in Japan, and some of the motorcycles are owned by fiends for motorcycles. For them the number of motorcycles is not important when they intend to own cars, and vice versa. Significant error correlation is interpreted as a complementary relationship between car and motorcycle ownership. The fact can mean that the error correlation suggests that unobserved factors that influence car ownership are positively correlated with unobserved factors that influence motorcycle ownership. An interpretation is that the existence of common factors related both to car and motorcycle ownership such as a propensity to own both cars and motorcycles (cars and motorcycles increase together or decrease together), and/or the common transportation environmental factors that are not completely captured by the accessibility measures, and/or desire for personal convenience, and personal mobility. It can be suspicious that cars and motorcycles increase together or decrease together from Figure 5 . Accordingly, the common transportation environmental factors that are not completely captured by the accessibility measures, desire for personal convenience, and personal mobility can be the main reason.
Here the reason why the models shown in Table 6 are the best for the comparison is given. Although no clear findings were obtained concerning the relationships between the accessibility measures and the model fit, weighted additional accessibility of the car and motorcycle availability model was used for comparison since models with this accessibility provide the highest model fit in NGO81 and NGO91. Estimating the correlation but not interaction models were used since inclusion of correlation term leads to substantial model improvement in NGO81 and not significant but slight improvement in NGO91 (t-statistics for correlation is not significant at 5% level but significant at 10% level in model (d)). (Six of twelve L1 values are significant in Table 7 , in total, suggesting that inclusion of the correlation has some meaning.) An additional inclusion of interaction term has not led to model improvement at all.
Again, estimates of accessibility measures are discussed in Table 7 . Accessibility by transit is estimated negatively and additional accessibility of car and motorcycle availability was positively estimated, as expected. More significant accessibility estimates are obtained in the car ownership function than in the motorcycle ownership function.
Assessment of temporal transferability
Temporal transferability was examined. NGO91 and NGO01 vehicle ownership were predicted using NGO81, and NGO81 and NGO91 models respectively.
Measures to evaluate model transferability can be divided into: 1) tests of model parameter equality, 2) tests of disaggregate prediction, and 3) tests of aggregatezonal level -prediction 24 . The measures used in this subsection consist of tests of aggregate prediction, since prediction at aggregate level is of a primary interest for policy planners. The measures considered are absolute error (AE) of the share, weighted share difference between expected and actual car ownership (DIFC), and weighted share difference between expected and actual motorcycle ownership (DIFMC). For the calculation of DIFC and DIFMC, 3+ cars and 2+ motorcycles are dealt with as 3 cars and 2 motorcycles respectively. The weight in the weighted accessibility models is the weight in the application context rather than in the estimation context. ownership better than NGO81 model suggests that the model close to the target year can bring better transferability. This is naturally expected since the contexts (population, incomes, behaviors, tastes, and so on) are likely to be more similar in the two closer periods.
concLUsions
This study has built and analyzed BOP models to describe and to predict household car and motorcycle ownership behaviors in NGO. More specifically, the following investigations were conducted: 1) transportation convenience in residential areas on vehicle ownership; 2) interrelationships between car and motorcycle ownership; and 3) inter-temporal comparison of ownership behaviors.
Estimation results of mode choice models developed to calculate accessibility measures suggest that age and gender differences are less important for the modal choice as motorization increases. In other words, anyone can use any transportation mode.
BOP results obtained in this study provided considerable insight into the vehicle ownership behaviors. Both car and motorcycle ownership was affected by the traffic convenience in residential areas. However, accessibility is more significantly estimated in the function of car ownership. This suggests that motorcycle ownership is less affected by accessibility than car ownership, or that the area considered in this study was too large to capture the accessibility of motorcycles. Another accessibility measure to capture motorcycle ownership would be a further research topic. (This paragraph is related to Hypothesis 1 in section 1.)
Concerning the correlation estimates, it was positive but not always significantly estimated. This suggests that in NGO basically there is a complementary relationship between car and motorcycle ownership. An interpretation is that existence of common factors related both to car and motorcycle ownership such as a propensity to own both cars and motorcycles (cars and motorcycles increase together or decrease together), and/or the common transportation environmental factors that are not completely captured by the accessibility measures, and/or desire for personal convenience, and personal mobility. It can be suspicious that cars and motorcycles increase together or decrease together as noted in Figure 5 . Accordingly, the common transportation environmental factors that are not completely captured by the accessibility measures, desire for personal convenience, and personal mobility can be the main reason. Including interaction (number of motorcycles in the car ownership function)
has not led to model improvement, suggesting that motorcycle ownership does not affect car ownership. (This paragraph is related to Hypothesis 2 in section 1.)
Based on the discussion on temporal transferability, the advantage of weighted accessibility was obtained. The finding that NGO91 model predicts NGO01 ownership better than NGO81 model suggests that the model close to the target year can bring better transferability as expected.
Parameter comparison of the car ownership propensity function suggests that gender and age differences of the ownership are generally becoming less important as motorization proceeds. Parameter comparison of the motorcycle ownership propensity function suggests that males tend to own more motorcycles than females. Higher license ownership of males for motorcycles can also explain this 3 . The age and gender differences for motorcycle ownership were relatively stable over time, although the age categories were set differently. (This paragraph is related to Hypothesis 3 in section 1.)
From the political viewpoint, some implications are suggested. From the BOP models, both car and motorcycle ownership are affected by the traffic convenience in residential areas. Accordingly, investment into the public transportation may have some value to decrease vehicle ownership. Positive correlation suggests that desire for personal convenience or personal mobility can be common in car and motorcycle ownership. Transportation measures which meet personal convenience or personal mobility will be important. Based on the discussion on temporal transferability, weighted accessibility and the model close to the target year can bring better forecasting.
Finally, a future study is recommended by pooling the data of all time points, so as to incorporate the idea of parameter change in the model estimation. Explanatory variables explaining economic conditions can also be included in the model. This can improve model transferability when the model estimated in the developed countries is applied to developing countries. Estimating the model in developing countries is also of interest. (Some of key findings such as complementary relationship can be checked in a different context.) Search for better accessibility measures is required, and some ideas are expected maximum utility of mode and destination choice models, accessibility to work location only, and so on. A simulation study can be a further research topic when the household characteristics are changed and the accessibility measures are changed. Estimating discrete car and motorcycle ownership models and comparing them to ordered models can also be proposed as potential research themes.
